Several clinical studies have shown that blood pressure (BP) measurements in very old frail individuals are of limited interest due to the fact that several age-related alterations and geriatric syndromes may modify BP. We studied in persons over 80-year old living in nursing homes the combined effects of 3 BP patterns on total mortality and major cardiovascular (CV) events: (i) low pulse pressure amplification (L-PPA) between carotid and brachial artery, (ii) systolic BP (SBP) <130 mm Hg (L-SBP), under >1 antihypertensive drugs, and (iii) changes in SBP between supine and upright position of >20 mm Hg in both directions (hypotension/hypertension, orthostatic SBP [O-SBP]).
PROCEEDINGS
In very old frail individuals, several age-related alterations and geriatric syndromes such as malnutrition, dehydration, heart failure, etc., decrease blood pressure (BP) levels making it difficult to conclude which are the normal BP levels in these subjects. On the other hand, arterial aging mainly expressed with increasing arterial stiffness lead to an elevation in systolic and pulse pressure, which can also have negative effects on morbidity and mortality. 1, 2 Thus, in very old frail populations, casual measurements of BP have been challenged by functional arterial parameters, which have shown to be more predictive of cardiovascular (CV) outcomes. [3] [4] [5] The Predictive Values of Blood Pressure and Arterial Stiffness in Institutionalized Very Aged Population (PARTAGE) multicenter, longitudinal study was performed in 1,130 frail individuals aged 80 years or older who were living in nursing homes 6 (clinicaltrials.gov identifier: NCT00901355). This longitudinal study showed no association between systolic BP (SBP) and CV mortality in the entire population but a significant interaction SBP/number of antihypertensive drugs, i.e., patients with low systolic BP (L-SBP) who were receiving multiple BP-lowering agents had a 2-fold increase in mortality compared with the other participants. 4 Other analyses of the PARTAGE study have shown that wider postural changes in SBP (i.e., orthostatic hypertension or orthostatic hypotension) 5 as well as lower peripheral/central pulse pressure amplification (PPA) 3 were associated with higher CV morbidity and mortality independently of sitting peripheral BP and major comorbidities.
All the above data indicate that necessity in the very old frail subjects for using different "BP patterns" than the standard one, in order to assess the risk of morbidity and mortality in this population. To reach this goal, in the present analysis, we tested in the population of the PARTAGE study the interest in predicting total mortality and major CV events of the combined estimation of 3 "BP patterns": "low peripheral/central PPA index, " "systolic orthostatic hyper-or hypotension, " and "low supine SBP under combination antihypertensive therapy. "
METHODS

Population
This study was conducted within the framework of the PARTAGE Study 6 : a longitudinal 2-year cohort study in 1,126 individuals aged 80 years and over, living in nursing homes. Participants were recruited by 4 French (Nancy, Dijon, Paris, and Toulouse) and 2 Italian (Cesena and Verona) university hospital centres between January 2006 and June 2008. Participants were included if they were aged 80 years and over, were living in nursing homes, and had signed the informed consent. Subjects with a Mini-Mental State Examination (MMSE) score ≤12/30 were considered inapt to sign the informed consent and were therefore not included in the PARTAGE study. Moreover, the family and/ or the physician of the patient were informed of the study and gave their approval. The rationale and design of the PARTAGE Study have been described elsewhere. 6 In the present analyses, we included subjects who had complete data related to the three studied hemodynamic patterns: (i) measurement of PPA, (ii) measurements of SBP at supine or supine position and then at 1 and 3 minutes in upright position, and (iii) self-BP measurements for the classification in the different BP tertiles. Among the 1,126 subjects, 3 did not have self-measurements, 68 did not have PPA measurements, and 200 did not have SBP measurements at 1 and 3 minutes in upright position (i.e., they had 0 or 1 BP measurements in the upright position). In total, 243 subjects had at least one missing information concerning the 3 studied patterns and had been excluded from the present analysis. Thus, the present analysis concerned 883 subjects (683 women, 78%).
Clinical data collection
The collection of clinical data for the study has been described elsewhere. [3] [4] [5] [6] Briefly, during the visit in the nursing home, the medical research team collected extensive information during face-to-face interviews and from the patients' medical records. The following information was recorded for each participant in a case report form: sociodemographic characteristics, medical history, chronic diseases (CV, central nervous system, and respiratory), history of falls, comorbidity, and medication use. In addition, a clinical examination of functional status, cognitive function, BP, and aortic stiffness was performed by the medical research teams. Comorbidities were quantified using the Charlson combined comorbidity index (CCI). 7 Functional status was evaluated by the Katz Index of Independence in activities of daily living. 8 Cognitive status was assessed using the MMSE. 9 
BP measurements and patterns
Casual and self-measurements of BP were performed in this study. SBP and diastolic BP and heart rate were measured at the brachial artery level using the validated Colson DM-H20 automated oscillometric device (Dupont Médical, Frouard, France). The detailed protocol of BP measurements in this population has been described previously. 10 L-SBP pattern was defined by a self-measured SBP less than 130 mm Hg in patients who were receiving more than one antihypertensive treatment. 4 Casual BP measurements were used to define the orthostatic patterns of the subjects. Orthostatic systolic hypotension was defined as a drop in SBP of at least 20 mm Hg, and orthostatic systolic hypertension was defined as a SBP increase of more than 20 mm Hg at the first and/or third minute of standing. 10, 11 We defined as "O-SBP pattern" an increase or decrease in SBP between supine and orthostatic position of >20 mm Hg.
Central BP measurements were obtained directly from the common carotid artery using an applanation tonometer following a previously described protocol. 6 The PPA was the percentage of increase of PP in the brachial artery (PPB) relative to central PP (PPC), according to the formula: PPA = 100 (PPB − PPC)/PPC. Based on our previous studies in this population, a PPA <18.8% was considered as a low PP amplification. 3 Thus, the "L-PPA pattern" corresponds to the lower PP amplification tertile.
In the present analysis, we included subjects with complete measurements for all 3 BP patterns. For the evaluation of orthostatic SBP (O-SBP) changes, patients should have SBP measurements at 1 and 3 minutes in upright position.
Outcomes definition
Major CV events were defined as the presence of nonfatal CV events leading to hospitalization or a specific long-term new treatment as well as death from cardiac, cerebrovascular, and other vascular causes.
Statistical analysis
For the statistical analysis, subjects were classified into 4 groups according to the presence of the 3 BP patterns; subjects with PPA lower than 18.8% low pulse pressure amplification (L-PPA group); subjects with O-SBP variations of more than 20 mm Hg (O-SBP group); subject with SBP <130 mm Hg under antihypertensive treatment with more than one drug (L-SBP group).
Continuous variables are presented as means and SD, and discrete variables as number and percentages. The 2-tailed significance level was set at P = 0.05. One-way analysis of variance, followed by a Kruskal-Wallis test, was used for comparisons of continuous variables and the χ 2 tests for discrete variables. Cox-regression models containing either the 3 risk factors or "risk factor" as categorical variable (with 4 levels of any combination of risk factors) were built for total mortality and for CV morbimortality, adjusting for age and gender. Results are presented as risk ratio and 95% confidence interval. A logistic regression model analysis was performed in order to develop a model to explain 2-years total mortality including "risk factor" as categorical variable, with 0 risk factors as the reference value, and adjusting for age and gender. Regression coefficients, odds ratios (OR), and 95% confidence intervals were calculated. All analyses were performed using NCSS, version 9 (NCSS, LLC) software.
RESULTS
During the follow-up, major CV events were observed in 181 subjects (120 CV deaths and 61 nonfatal major CV events). The total mortality was of 181 deaths. The prevalence of L-PPA, O-SBP, and L-SBP was respectively 33%, 38%, and 21%. Among the analyzed subjects, 33.6% (n = 297) presented none of these conditions, 44.4% (392 subjects) had 1 BP pattern, while 19.2% (n = 169) and 2.8% (n = 25) had 2 and 3 BP patterns, respectively. Table 1 shows the characteristics of the population in the different BP patterns. Many of the clinical variables (i.e., age, gender distribution, MMSE, BMI, Charlson index) were similar in the 4 groups. A history of CV events was more prevalent in the group of patient presenting L-SBP (72%) than in the three other groups. Considering BP patterns, the group of patients with L-SBP had significant lower SBP, Values are the mean ± SD or % and number of patients. Mann-Whitney U or Wilcoxon rank-sum test or chi-square. *P < 0.05; **P < 0.01; ***P < 0.001. Abbreviations: ADL, activities of daily living; ANOVA, analysis of variance; BMI, body mass index; BP, blood pressure; CF PWV, Carotid-Femoral pulse wave velocity; Charlson CCI, Charlson combined comorbidity index; CV, cardiovascular; DBP, diastolic BP; HR, heart rate; HT, hypertension; L-PPA lower tertile of PP amplification; L-SBP, low systolic BP (SBP <130 mm Hg with >1 antihypertensive drugs); MMSE, Mini-Mental State Examination; PP, pulse pressure; O-SBP, orthostatic SBP (increase or decrease in SBP between supine and Orthostatic position of >20 mm Hg); and SBP, systolic BP.
a The N presented relates to events/total population at the end of follow-up (1.77 ± 0.50 year in all population). Statistical analysis of mortality and major CV events is presented in Table 2 and Figures 1 and 2. diastolic BP, PP, and PWV and higher number of antihypertensive drugs than the other 3 groups (see table for P values). Heart rate was similar between groups.
The Cox-regression multivariate models (Table 2) , adjusted for age and sex and history of CV disease, showed that L-PPA (P = 0.012) and L-SBP (P = 0.006) were independent determinants of total mortality, and the same trend was also observed for O-SBP (P = 0.19; model A). For major CV events, all 3 BP patterns were independent determinants: L-PPA, (P = 0.015); L-SBP (P = 0.050); O-SBP (P = 0.023) (model D). Adding any one of the 3 BP patterns, significantly increased total mortality (1.40 (1.17-1.66), P < 0.0002; model 2B) and major CV events (1.42 (1.20-1.70); P < 0.0001; model 2E). The additive effects of the BP patterns on the risk for total mortality and major CV events are also shown in Table 2 (C and F); thus, compared with the control group, the presence of 2 or 3 BP patterns is associated with an increase in total mortality (Table 2C ) and major CV events (Table 2E ) greater than 2 times and 2.5 times, respectively.
The additive effects of BP patterns on both total mortality and major CV events remained significant in multivariate Cox models including age, sex, BMI, activities of daily living, Charlson score, and presence of atrial fibrillation (Supplementary data, Table S2 ).
The Kaplan-Meier for survival ( Figure 1 ) and survival free from major CV events (Figure 2 ) confirm the progressive increase of total mortality (logrank test P = 0.0002) and major CV events (logrank test P = 0.0001) depending on the number of HPs.
DISCUSSION
In the present analysis, we identified 3 BP patterns (low peripheral/central PPA, L-SBP under combination antihypertensive treatment, and high variability in SBP between supine and upright position), which are independent risk factors for both total mortality and CV morbidity in very old frail individuals. Indeed, each one of these 3 BP patterns (from 0 to a combination of 3) increases total mortality and major CV events, whereas their combination has additive effects leading to a more than 2.5-fold increase on total mortality and CV prognosis.
The relationship between BP and morbidity and mortality in the very old is still debated. The Hypertension in the Very Elderly Trial (HYVET) showed the beneficial effect of antihypertensive treatment in patients ≥80 years. 12 More recently, the Systolic Blood Pressure Intervention Trial (SPRINT) showed benefits for a lower goal of SBP <120 mm Hg in patients over 75 years, 13 albeit after excluding patients with loss of autonomy, cognitive disorders, diabetes, and history of stroke. Based mainly on the HYVET, the 2013 Cox-regression analysis for the effects of the three identified BP patterns after adjustment for age, gender, and history of CV events on total mortality (models A, B, and C) and major CV events (models (e.g., <140 mm Hg) and treatment is not associated with adverse effects on health or quality of life, treatment does not need to be adjusted. However, both HYVET and SPRINT were conducted in selected populations; they did not include the frailest subjects, those with clinically significant cognitive decline and dementia, and multiple CV and other comorbidities. Moreover, these studies excluded patients living in NHs. In this light, the PARTAGE study, 3, 4 conducted in 1,130 subjects ≥80 years living in NHs, showed a significant 78% increase in deaths among subjects with SBP <130 mm Hg taking 2 or more antihypertensive drugs (20% of the total studied population). 4 Several other observational studies in very old frail people have shown no or even an inverse relationship between BP and morbidity and mortality. [14] [15] [16] [17] [18] In these studies, the harmful effects of low BP levels were mainly observed in 2 situations: first in those patients with significant functional decline 15, 17 and second in subjects treated for hypertension and not in those with spontaneously low BP levels. 16, 18 Therefore, in very old subjects, measurement of BP does not seem to be very helpful in order to define prognosis and therapeutic strategies.
In the current analysis, we propose a new approach in order to obtain BP measurements having a prognostic interest for these subjects. This new approach combines several BP measurements leading to the definition of 3 "BP patterns" having additive effects on morbidity and mortality: low PPA that requires carotid and brachial BP measurements; orthostatic BP variability assessed with BP measurements in supine and then at 1 and 3 minutes in upright position and low supine SBP profile (associated with at least 2 antihypertensive drugs) which has been assessed with selfmeasurements. However, as we have stated in our previous publication, 3 standard BP measurements by the study physician provided similar to the self-measurements results for this pattern.
Interestingly, these results persist after adjustment for age and sex but also for previous CV events. The latter is actually highly different in the various groups according to the presence of the 3 BP patterns. Furthermore, the risk of worse prognosis is cumulative and increases with the increasing number of risk factors. Thus, in the setting of this special population, older people deserve to be screened for the presence of these BP patterns.
In conclusion, in very old frail individuals, presence of low PPA, L-SBP under combination antihypertensive treatment, and significant variability in SBP between supine and upright position were significant independent determinants of morbidity and mortality. All these 3 BP patterns assessed with various BP measurements indicate the particular interest for measuring BP levels in different sites and conditions (central, vs. peripheral, supine vs. upright, standard vs. self-measurements). The beneficial potential effect of correcting these patterns needs to be evaluated in prospective studies.
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